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INTRODUCTION 
T h i s  paper  i s  a  summary of and g u i d e  t o  t h e  NASA-sponsored program 
c a r r i e d  o u t  i n  1971  a t  The U n i v e r s i t y  of Michiganl.s  Willow Run L a b o r a t o r i e s  
i n  e a r t h  r e s o u r c e s  i n f o r m a t i o n  systems which employ m u l t i s p e c t r a l  remote 
s e n s i n g .  The o b j e c t i v e s  of t h i s  program a r e  t o  improve a u t o m a t i c  t e c h n i q u e s  
f o r  e x t r a c t i n g  i n f o r m a t i o n  f r o m ' m u l t i s p e c t r a l  s c a n n e r  d a t a  abou t  t h e  amount, 
l o c a t i o n ,  and c o n d i t i o n  of remotely  sensed  o b j e c t s  o f  u s e r  i n t e r e s t  and t o  
reduce  t h e  c o s t s  o f  a c h i e v i n g  such i n f o r m a t i o n  on an  o p e r a t i o n a l  ( o r  r e s e a r c h )  
b a s i s  from a i r c r a f t  and s a t e l l i t e s  such a s  ERTS o r  SKYLAB - i n  s h o r , t ,  t o  
a c h i e v e  a  p r a c t i c a l  t o o l  f o r  p l a n n e r s  and d e c i s i o n  makers.  
The program h a s  f o u r  major  a r e a s  of a c t i v i t y  a s  shown i n  t h e  t a b l e  
below: 
1. Improved Throughput P a r a l l e l  Processi .ng Systems 
2 .  Improved P r o c e s s - n g  Techniques  
3.  Show P r a c t i c a l  Use i n  User A p p l i c a t i o n s  < 
4. Improved Sensors  
The f i r s t  a r e a  i s  a program t o  a c h i e v e  s u b s t a n t i a l l y  improved th roughput  
from s p e c i a l  purpose ,  p a r a l l e l  p r o c e s s i n g  systems f o r  m u l t i s p e c t r a l  d a t a .  
The second a r e a  c o n s i s t s  of a series o f  i n v e s t i g a t i o n s  d i r e c t e d  a t  
improving t h e  machine p r o c e s s i n g  t e c h n i q u e s  and o u r  unders tand ing  of them. 
The t h i r d  a r e a  i s  a s e r i e s  o f  programs w i t h  v a r i o u s  i n v e s t i g a t o r s  from 
u s e r  a g e n c i e s  t o  e x p l o i t  t h e  t e c h n i q u e s  developed t o  d a t e  i n  demons t ra t ion  
a p p l i c a t i o n s  of p r a c t i c a l  i n t e r e s t  t o  u s e r s ,  which a l s o  g e n e r a l l y  ex tend  
t h e  u s e f u l n e s s  of t h e s e  t e c h n i q u e s .  F i n a l l y ,  t h e  f o u r t h  a r e a  is improving 
e x p e r i m e n t a l  s e n s o r s  f o r  e a r t h  r e s o u r c e s  a p p l i c a t i o n s ,  b o t h  m u l t i s p e c t r a l  
s c a n n e r s  i n  t h e  0 .4  - 1 4  pm r e g i o n  and m u l t i s p e c t r a l  imaging r a d a r  w i t h  
X- and L- bands.  
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I n  t h i s  paper  I w i l l  summarize t h e  s t a t u s  of t h e s e  f o u r  a r e a s  of 
r e s e a r c h ,  t h e  a c t i v i t i e s  of t h e  p a s t  y e a r  i n  t h e  a r e a  of improved through- 
pu t  p r o c e s s i n g  systems,  and c i t e  one r e s u l t  from t h e  p r o c e s s i n g  t e c h n i q u e s  
improvement a r e a .  Four of t h e  papers  f o l l o w i n g  t h i s  one by a u t h o r s  from 
t h e  Willow Run L a b o r a t o r i e s  (WRL) w i l l  p r e s e n t  r e s u l t s  from t h i s  informa- 
t i o n  e x t r a c t i o n  t e c h n i q u e  development a r e a .  A s  shown i n  Tab le  I t h e s e  a r e  
t h e  papers  b y  W.  M a l i l a ,  G .  S u i t s ,  R.  Nalepka, and R.  Vincent .  R e s u l t s  
from t h e  u s e r  a p p l i c a t i o n s  of d a t a  p r o c e s s i n g  w i l l  be p r e s e n t e d  i n  t h e  
paper  by F. Thomson. Improved exper imenta l  s e n s o r s  a r e  d i s c u s s e d  i n  t h e  
papers  by P. H a s e l l  and L. P o r c e l l o .  
Eleven r e p o r t s  [Ref.  1 - 111 w i l l  b e  i s s u e d  on t h e  work o f  t h i s  p a s t  
y e a r ,  i n  a d d i t i o n  t o  j o u r n a l  a r t i c l e s  and p a p e r s .  During t h e  c o u r s e  of 
t h e  paper ,  I s h a l l  r e f e r  t o  t h e s e  r e p o r t s  s o  t h a t  t h o s e  i n t e r e s t e d  i n  
d e t a i l s  w i l l  have t h e  r e f e r e n c e s .  
IMPROVED THROUGHPUT PARALLEL PROCESSING SYSTEMS 
The assessment  of c u r r e n t  m u l t i s p e c t r a l  p r o c e s s i n g  systems t o  meet 
t h e  needs  of keep ing  pace  w i t h  m u l t i s p e c t r a l  d a t a  a c q u i s i t i o n  which o c c u r s  
t y p i c a l l y  a t  r a t e s  of hundreds of k i l o H e r t z  o r  megaHertz i s  given i n  t h e  
t a b l e  below: 
1. Sensor  c a p a b i l i t y  exceeds  p r o c e s s i n g  c a p a b i l i t y  by l a r g e  
f a c t o r s  
2. D i g i t a l  and ana log  implementat ions  o f  p r e s e n t  t e c h n i q u e s  
w i l l  n o t  keep pace w i t h  needs  of many o p e r a t i o n a l - p r o t o t y p e  
i n f o r m a t i o n  systems 
3.  M u l t i p l e  computer approach may b e  t o o  c o s t l y  
4. Hybrid implementat ion o f  s p e c i a l  purpose  p a r a l l e l  pro- 
c e s s i n g  w i t h  improved t e c h n i q u e s  a p p e a r s  promising from 
b o t h  th roughput  and c o s t  a s p e c t s  b u t  r e q u i r e s  development 
P r e s e n t l y  a v a i l a b l e  c o n v e n t i o n a l l y  o rgan ized  d i g i t a l  computers are t o o  
slow ( w i t h  c u r r e n t  a l g o r i t h m s )  by o r d e r s  of magnitude s o  t h a t  even many 
computers p e r  s e n s o r  a r e  s t i l l  inadequa te .  A p a r a l l e l  p r o c e s s i n g  ana log  
computer a t  Michigan meets  t h e  d a t a  r a t e  requ i rement ,  b u t  i s  slow t o  s e t  
up r e d u c i n g  t h e  average  throughput .  P a r a l l e l  p r o c e s s i n g  a l l - d i g i t a l  
computers may become u s e f u l  and p r a c t i c a l  f o r  image p r o c e s s i n g  i n  t h e  
f u t u r e  b u t  a r e  n o t  y e t  compet i t ive .  However, t h e  programmabi l i ty  of t h e  
d i g i t a l  computer combined w i t h  t h e  h i g h  throughput  c a l c u l a t i o n  r a t e  of 
p a r a l l e l  channe l  ana log  computers i n  a  h y b r i d  m u l t i s p e c t r a l  p r o c e s s o r ,  
which we a r e  beg inn ing  t o  b u i l d  a t  t h e  WRL w i t h  NASA s u p p o r t ,  a p p e a r s  t o  
o f f e r  a  r e a l i s t i c  way now t o  breakup t h e  p r o c e s s i n g  b o t t l e n e c k  caused by 
d a t a  c o l l e c t i o n  c a p a b i l i t y  f a r  o u t s t r i p p i n g  p r o c e s s i n g  c a p a b i l i t y  i n  terms 
of b o t h  th roughput  and c o s t .  F i g u r e  1 i n d i c a t e s  t h e  p r e s e n t  and p r o j e c t e d  
m u l t i s p e c t r a l  d a t a  c a p a b i l i t y  a s  v a r i o u s  s e n s o r s  begin  t o  o p e r a t e ,  [Ref .  121.  
These a r e  t h e  Michigan m u l t i s p e c t r a l  s c a n n e r  (M-5) and new Michigan 
s i n g l e  a p e r t u r e  s c a n n e r  (M-7), t h e  NASA 24-channel M u l t i s p e c t r a l  Data  
System, and t h e  ERTS-A m u l t i s p e c t r a l  scanner .  The maximum planned 
r a t e s  a r e  about  10-15 b i l l i o n  d a t a  e lements  p e r  week. 
Data  q u a n t i t i e s  of t h i s  r a t e  a r e  i m p r e s s i v e l y  l a r g e  b u t  t h e  c o s t  
t o  p r o c e s s  t h e  d a t a  i s  n o t  w e l l  known. Some rough i d e a  of t h e  c o s t s  of 
d a t a  p r o c e s s i n g  p e r  e lement  and p e r  s q u a r e  m i l e  a r e  shown i n  F i g u r e  2 .  
The Corn B l i g h t  Watch m u l t i s p e c t r a l  p r o c e s s i n g  c o s t s  u s i n g  ana log  and 
d i g i t a l  computers s e p a r a t e l y  were somewhere between $100 and $200 p e r  
s q u a r e  m i l e  i n d i c a t i n g  t h e  achievement of a f e a s i b i l i t y  t y p e  p r o c e s s o r  
system. The impact of t h e s e  c o s t s  can be a s s e s s e d  i f  some t y p i c a l  
a p p l i c a t i o n s  a r e  analyzed.  Some a r e  g i v e n  i n  F i g u r e  3.  The Corn B l i g h t  
m u l t i s p e c t r a l  p r o c e s s i n g  c o s t s  f o r  50 s q u a r e  miles were n o t  $42,00O/week 
b u t  about  $5,000 t o  $10,000 p e r  week a g a i n  i n d i c a t i n g  p r o g r e s s  beyond 
r e s e a r c h  p r o c e s s o r  c o s t s .  The p r a c t i c a l  impact of c o s t  r e d u c t i o n  by 
proceeding t o  p r o t o t y p e  o r  o p e r a t i o n a l  equipment is e a s y  t o  p r o j e c t  and 
w i l l  b e  q u i t e  d ramat ic .  I f e e l  t h a t  c o s t s  of a  few d o l l a r s  p e r  s q u a r e  
m i l e  f o r  p r o c e s s i n g  a r e  a c h i e v a b l e .  Using t h e  p r o j e c t e d  d a t a  c a p a c i t i e s  
and r e s e a r c h  p r o c e s s i n g  c o s t s  of $420 p e r  s q u a r e  m i l e ,  F i g u r e  4 shows t h e  
cumula t ive  c o s t  p i c t u r e  where t h e  con t inued  r ise  i n  c o s t s  i s  t h e  accumulated 
c o s t  a s  v a r i o u s  s e n s o r s  a r e  i n t r o d u c e d  and used.  The 2 b r e a k s  i n  t h e  c o s t  
curve  i n  1972 and 1973 i n d i c a t e  t h e  c o s t  l e v e l i n g  e f f e c t  of t h e  i n t r o d u c t i o n  
o f . p r o t o t y p e  p r o c e s s o r  a t  e i t h e r  of t h e s e  p o i n t s  i n  t ime.  Development o f  
a  p r o t o t y p e  p r o c e s s o r  i s  expec ted  t o  t a k e  two y e a r s ,  however. 
We have i n v e s t i g a t e d  t h e  p o s s i b l e  d e s i g n  a l t e r n a t i v e s  f o r  such a pro- 
t o t y p e  p r o c e s s o r  of t h e  h y b r i d  p a r a l l e l  p r o c e s s i n g  t y p e  and a r e  beg inn ing  
i t s  implementat ion.  F i g u r e  5  shows a  component diagram f o r  such  a system 
which i n d i c a t e s  t h e  v a r i o u s  t y p e s  of u n i t s  t h a t  a r e  invo lved .  F i g u r e  6 
i n d i c a t e s  t h e  v a r i o u s  f u n c t i o n s  t h a t  a r e  performed and some e s t i m a t e  of t h e  
t i m e  r e q u i r e d  i n  t e n s  o f  f a c t o r s  of r e a l  t i m e  meaning a c q u i s i t i o n  r a t e  
f o r  a  t y p i c a l  m u l t i s p e c t r a l  s c a n n e r .  One o f  t h e  major v a r i a b l e s  which w e  
need e x p e r i e n c e  w i t h  t o  b r i n g  under c o n t r o l  i s  t h e  man-machine i n t e r a c t i o n  
w i t h  t h i s  t y p e  of p r o c e s s o r .  Some of t h e  b e n e f i t s  d e r i v e d  from a c h i e v i n g  
such a p r o t o t y p e  p r o c e s s o r  a r e  l i s t e d  below: 
1. F a c i l i t a t e  r e s e a r c h  and development 
2. Meets t h e  needs  of p r o t o t y p e  d a t a  p r o c e s s i n g  demands 
3. Allows p r o j e c t i o n  of o p e r a t i o n a l  c o s t s  
. - 
4 .  D e f i n e s  o p e r a t i o n a l  r equ i rements  f o r  p e r s o n n e l  and equipment 
. . 5. - Reduces p r e s e n t  c o s t s  : - .  
It w i l l  f a c i l i t a t e  f u r t h e r  r e s e a r c h  and development, making it d r a m a t i c a l l y  
q u i c k e r  and less c o s t l y  t o  exper iment  wi th  d i f f e r e n t  t e c h n i q u e s  and 
a p p l i c a t i o n s .  Because t h i s  p a r a l l e l  p r o c e s s o r  meets t h e  needs  of proto-  
t y p e  d a t a  p r o c e s s i n g  demands, p r o j e c t e d  d a t a  c o l l e c t i o n  o v e r  t h e  n e a r  
f u t u r e  can be p rocessed  i n  a t i m e l y  f a s h i o n .  P r o j e c t i o n  of o p e r a t i o n a l  
r equ i rements  and c o s t s  w i l l  b e  more a c c u r a t e  and p r e s e n t  c o s t s  can b e  
reduced.  We s e e  t h e  h y b r i d  a s  an improvement, n o t  n e c e s s a r i l y  a  break-  
through o r  panacea,  b u t  a needed improvement n o n e t h e l e s s .  It may a l s o  
speed t h e  day o f  on-board p r o c e s s i n g  f o r  a i r c r a f t  and s a t e l l i t e s .  
A p a r t i c u l a r  p o i n t  of view must b e  p r e s e r v e d :  t h a t  of t h e  informa- 
t i o n  needs  o f  t h e  problem-or iented u s e r .  The f a c t  t h a t  t h e  u s e r  of such  
d a t a  is  n o t  d i r e c t l y  concerned w i t h  t h e  t e c h n i q u e s  o r  p h y s i c a l  pa ramete rs  
of s e n s i n g  and p r o c e s s i n g  b u t  is ,  r a t h e r ,  i n t e r e s t e d  i n  mapping, i d e n t i -  
f y i n g  and s t u d y i n g  s p e c i f i c  o b j e c t s  on t h e  s u r f a c e  of t h e  e a r t h  and t h e  
i n t e r r e l a t i o n s h i p s  of t h e s e  o b j e c t s ,  must b e  foremost  i n  t h e  concep t ion  - - 
and implementat ion o f  t h e s e  i n f o r m a t i o n  systems.  The u s e r  would l i k e  
t o  know, f o r  example, how many b u s h e l s  o f  wheat and corn  w i l l  be  produced 
i n  a  county o f  s o  many a c r e s ,  how many ducks w i l l  be  s u c c e s s f u l l y  r a i s e d  
i n  t h e  p r a i r i e s ,  how much w a t e r  i s  needed t o  p r e s e r v e  t h e  Everg lades  and 
where a r e  and what a r e  t h e  v a r i o u s  s o u r c e s  of p o l l u t i o n  f o r  Lake Michigan, 
Lake O n t a r i o ,  o r  Chesapeake Bay. 
Data p r o c e s s i n g ,  i t  s h o u l d  b e  n o t e d  h e r e ,  r e f e r s  t o  t h e  p rocedures ,  
a l g o r i t h m s ,  and computat ions  which a r e  a p p l i e d  t o  t h e  raw s e n s o r  o u t p u t  
d a t a  t o  t r a n s f o r m  i t  i n t o  u s e f u l  i n f o r m a t i o n  t o  t h e  u s e r .  D a t a . p r o c e s s i n g  
i n c l u d e s  t h e  combinat ion of ( 1 )  d a t a  f o r m a t t i n g ,  f iandl ing,  e d i t i n g ,  
d i g i t i z i n g ,  o r  f i l m  p r i n t i n g  w i t h  ( 2 )  d a t a  r e d u c t i o n  and a n a l y s i e  c o n s i s t i n g  
of image enhancement, s p e c t r a l  a n a l y s i s ,  s i g n a t u r e  c o r r e l a t i o n s ,  and recog- 
n i t i o n  computat ions .  Care i n  unders tand ing  t h e  scope  o f  d a t a  p r o c e s s i n g  is  
r e q u i r e d  because  t h e  term can mean on ly  (1)  above, t h e r e b y  l e a v i n g  o u t  
d a t a  r e d u c t i o n ,  a n a l y s i s  and r e c o g n i t i o n  ( o r  c l a s s i f i c a t i o n )  which a r e  
c r i t i c a l  t o  t h e  u s e r  a s  i n f o r m a t i o n  e x t r a c t i o n  p r o c e s s e s .  
IMPROVED INFORMATION EXTRACTION TECHNIQUES 
I would l i k e  t o  proceed now t o  summarize my assessment  o f  t h e  s t a t u s  
of t h e  2nd a r e a  of a c t i v i t y  i n  o u r  program, namely p r o c e s s i n g  t e c h n i q u e s  
o r  i n f o r m a t i o n  e x t r a c t i o n  t e c h n i q u e s .  The t a b l e  below i n d i c a t e s  t h e  
judgement t h a t  a  v a r i e t y  of u s e f u l  t e c h n i q u e s  have been demonstra ted t o  
be  f e a s i b l e  i n  v a r i o u s  a p p l i c a t i o n s  under l i m i t e d  c o n d i t i o n s  a p p r o p r i a t e  
t o  showing f e a s i b i l i t y  b u t  n o t  g e n e r a l l y  a p p r o p r i a t e  t o  p r o t o t y p e  o r  p i l o t  
o p e r a t i o n a l  c o n d i t i o n s .  
1. Var ie ty  of techniques a r e  f e a s i b l e  i n  many app l i ca t ions  
under l i m i t e d  condi t ions  
a .  Constrained d a t a  c o l l e c t i o n  t o  minimize 
e f f e c t s  of r e s o l u t i o n ,  atmosphere, and 
changing i l l umina t ion  
b. L i t t l e  o r  no t i m e  c o n s t r a i n t  f o r  processing 
c;  Maximum ground observa t ion  
2. These l i m i t a t i o n s  a r e  being lessened  t o  t h e  po in t  where 
opera t iona l -pro to type  information systems a r e  f e a s i b l e  
i n  some a p p l i c a t i o n s  
This t r a n s f e r r a l  of p re sen t  techniques t o  pro to type  environments i s  
needed and r equ i r e s  e f f o - r t  t o  so lve  problems which a r i s e  t h a t  a r e  no t  
otherwise ev ident .  The Corn B l igh t  Watch pressured condi t ions  ( l b )  and 
( l c )  i n  t h e  t a b l e  above by imposing a  time c o n s t r a i n t  of l e s s  than  one 
day per  10 square  mi le  segment processed and repor ted  and reducing t h e  
amount of ground d a t a  c o l l e c t e d .  A i r c r a f t  da t a  c o l l e c t i o n  c o s t s  can be  
reduced by r e l ax ing  t h e  c o n s t r a i n t s  on sun angles  and cloud cover percentage 
p re sen t ly  imposed by processing techniques l i m i t a t i o n s .  
Fur ther  technique development i s  c l e a r l y  requi red .  The t h r u s t  of 
our  a c t i v i t i e s  i n  t h i s  a r e a  has  been t h e  development of techniques t h a t  
allow t h e  reduct ion  of r equ i r ed  ground observa t ions  and t h a t  extend 
s p e c t r a l  s i g n a t u r e s  i n  space and time away from t h e s e  known a reas .  The 
fundamental b a r r i e r  t o  s i g n a t u r e  ex tens ion  t o  l a r g e  a reas  has  been 
v a r i a t i o n s  i n  t h e  environment. These v a r i a t i o n s  a r e  manifested,  both 
s p a t i a l l y  and temporal ly ,  a s  changes i n  atmospheric t ransmiss ion ,  illurnina- 
t i o n  of the  scene, b i d i r e c t i o n a l  p r o p e r t i e s  of t h e  m a t e r i a l s ,  and atmosph- 
e r i c  path rad iance  o r  b a c k s c a t t e r .  The t a b l e  below o u t l i n e s  s e v e r a l  a r eas  
where we a r e  working a t  improving process ing  techniques: 
1. Extending t h e  App l i cab i l i t y  of Training Se ts  
2. Spec t r a l  S igna tures  and ERSIS 
3 .  Modeling and Simulat ion 
4. Rat io  Processing 
5. Parameter Mapping 
6.  Propor t ions  of Classes  
7. Adaptive Techniques 
8 Mensuration and Mapping 
Extending t h e  a p p l i c a b i l i t y  o f  t r a i n i n g  s e t s  away from known a r e a s  
h a s  been s t u d i e d  p r e v i o u s l y  a t  W R L  u s i n g  3 approaches:  (1) t h e  use  of 
p r e p r o c e s s i n g  t r a n s f o r m a t i o n s  on t h e  remote ly  c o l l e c t e d  m u l t i s p e c t r a l  d a t a  
aimed a t  r educ ing  s y s t e m a t i c  v a r i a t i o n s ;  t h e  i n t e n t  of t h e s e  t ransforma-  
t i o n s  i s  t o  make t h e  d a t a  i n v a r i a n t  d e s p i t e  v a r i a t i o n s  i n  t r a n s m i s s i o n ,  
i l l u m i n a t i o n ,  and p a t h  r a d i a n c e ,  ( 2 )  t h e  u s e  of a n c i l l a r y  s e n s o r s  i n  t h e  
d a t a  c o l l e c t i o n  p l a t f o r m  such a s  t h e  s u n  s e n s o r  t o  measure i l l u m i n a t i o n ,  
t r a n s m i s s i o n ,  o r  p a t h  r a d i a n c e  v a r i a t i o n s ,  and ( 3 )  t h e  use  of in-scene 
r e f e r e n c e s  which p r o v i d e  a  c a l i b r a t i o n  i n  t h e  s c e n e  t h a t  pe rmi t  c o r r e c -  
t i o n s  t o  t h e  d a t a  a r e  a l l  u s e f u l  i n  s i g n a t u r e  e x t e n s i o n  and reduc ing  t h e  
amount of ground o b s e r v a t i o n  r e q u i r e d .  Th is  y e a r  we have extended t h e s e  
s t u d i e s  t o  m o d i f i c a t i o n  of t h e  d e c i s i o n  paramete rs ,  d e c i s i o n  r u l e s ,  and 
a d a p t i v e  c l a s s i f i e r s .  
We have con t inued  o u r  e f f o r t s  t o  unders tand  t h e  b a s i c  s p e c t r a l  
c h a r a c t e r i s t i c s  o f  v a r i o u s  m a t e r i a l s  s o  t h a t  s p e c t r a l  s i g n a t u r e s  can b e  
b e t t e r  unders tood  and have added d a t a  t o  t h e  E a r t h  Resources  S p e c t r a l  
In format ion  System (ERSIS) i n s t a l l e d  on t h e  Univac 1108 a t  t h e  MSC which 
w i l l  a i d  o t h e r  i n v e s t i g a t o r s  i n  unders tand ing  t h e  s p e c t r a l  r e f l e c t a n c e ,  
emiss ion ' ,  o r  t r a n s m i s s i o n  of n a t u r a l  m a t e r i a l s ,  i n  de te rmin ing  t h e  s p e c t r a l  
channe l s  l i k e l y  t o  b e  of i n t e r e s t  i n  t h e i r  a p p l i c a t i o n ,  o r  i n  d e v i s i n g  
an a p p r o p r i a t e  p r o c e s s i n g  t echn ique .  D r .  David P i t t s  of t h e  E a r t h  
Observa t ions  D i v i s i o n  a t  t h e  NASA/MSC h a s  r e s p o n s i b i l i t y  f o r  u s e r  r e q u e s t s  
f o r  l a b o r a t o r y  o r  f i e l d  s p e c t r a l  d a t a  i n  ERSIS. 
ERSIS a l s o  p r o v i d e s  b a s i c  d a t a  a s  i n p u t  t o  models and s i m u l a t i o n s  o f  
v a r i o u s  problems i n  remote s e n s i n g  a p p l i c a t i o n s .  D r .  S u i t s '  model f o r  
p r e d i c t i n g  t h e  d i r e c t i o n a l  r e f l e c t a n c e  from v e g e t a t i v e  canopies  g i v e n  i n  
a f o l l o w i n g  paper  i s  an example o f  t h e  u s e  o f  s p e c t r a l  r e f l e c t a n c e  d a t a  
a s  an i n p u t  t o  d e r i v e  i m p o r t a n t  i n s i g h t .  Our e f f o r t s  i n  each of t h e  
o t h e r  a r e a s  l i s t e d  i n  t h e  t a b l e  above and t h e  s i g n i f i c a n t  p r o g r e s s  made 
w i l l  b e  d i s c u s s e d  i n  papers  fo l lowing ,  e x c e p t  f o r  t h e  a d a p t i v e  t e c h n i q u e s  
a r e a  which I w i l l  t u r n  t o  now. 
ADAPTIVE MTJLTISPECTRAL PROCESSING 
I would l i k e  t o  p r e s e n t  one p r e l i m i n a r y  r e s u l t  of some i n t e r e s t  from 
t h e  work on a d a p t i v e  c l a s s i f i e r  t e c h n i q u e s  by Bob M a r s h a l l ,  Frank K r i e g l e r ,  
and Wyman Richardson of o u r  s t a f f ,  [Ref.  131. F i g u r e  7 shows a  comparison 
between two d i f f e r e n t  c l a s s i f i e r s  r e c o g n i z i n g  wheat (shown a s  t h e  d a r k e s t  
t o n e s )  i n  a  4 o r  5 m i l e  l o n g  a g r i c u l t u r a l  scene .  The map on t h e  l e f t  
h a l f  shows t h e  r e s u l t  o f  u s i n g  a  s i n g l e  d i s t r i b u t i o n  ( t h a t  from f i e l d  A) 
i n  a  maximum l i k e l i h o o d  c l a s s i f i e r  t o  r e c o g n i z e  wheat and shows a g r a d u a l  
d e t e r i o r a t i o n  i n  r e c o g n i t i o n  o v e r  t h e  run  from bottom (South)  t o  t o p  
(North) .  The reason  f o r  t h i s  d e t e r i o r a t i o n  w a s  determined t o  be  a  change 
i n  i l l u m i n a t i o n  due t o  changeable  a tmospher ic  c o n d i t i o n s .  A s imple  
a l g o r i t h m  t o  adap t  t h e  means of t h e  d i s t r i b u t i o n  i n  an e x p o n e n t i a l l y  
weighted f a s h i o n  when p o i n t s  a r e  recognized  a s  wheat was added t o  t h e  
maximum l i k e l i h o o d  c l a s s i f i e r .  The r e s u l t s  of t h i s  a d a p t i v e  m u l t i s p e c t r a l  
p r o c e s s i n g  a r e  shown on t h e  map on . t h e  r i g h t  h a l f .  The improvement i n  
r e c o g n i t i o n  accuracy u s i n g  t h i s  a d a p t i v e  c l a s s i f i e r  i s  a p p a r e n t .  
' Some i n c r e a s e  i n ' f a l s e  c l a s s i f i c a t i o n  o c c u r s  i n  two o a t  f i e l d s  j u s t  
below t h e  two s m a l l  wheat f i e l d s  i n  t h e  l e f t  c e n t e r  of t h e  run .  S ince  
o n l y  t h e  means of wheat were b e i n g  adap ted  r a t h e r  t h a n  a l l  d i s t r i b u t i o n s  
some c a p t u r e  o f  t h e  p r o c e s s  by o t h e r  d i s t r i b u t i o n s  was expec ted  and e x i s t s .  
A s imple  exper iment  was a l s o  conducted t o  de te rmine  t h e  a b i l i t y  of 
t h e  a l g o r i t h m  t o  r e c o v e r ,  g iven  a  t r a n s i e n t  e r r o r .  The s e t  of means, 
o b t a i n e d  a t  t h e  end of t h e  r u n  i n  f i e l d  B were  used a s  a n  i n i t i a l  estimate 
f o r  f i e l d  A and a c l a s s i f i c a t i o n  run  was made which is  shown in ,  F i g u r e  8. 
No d i f f e r e n c e  e x i s t s  a f t e r  600 p o i n t s ,  t w i c e  t h e  w e i g h t i n g  c o n s t a n t  of 
300. 
While n o t  a l l  s o u r c e s  of e r r o r  i n  c l a s s i f i c a t i o n  a r e  c o r r e c t a b l e  by 
a d a p t i o n  t h o s e  remaining a f t e r  p r e p r o c e s s i n g  t r a n s f o r m a t i o n s  have reduced 
_ t h e  s y s t e m a t i c  v a r i a t i o n s  may b e  l a r g e l y  c o r r e c t e d .  It  appears  t h a t  a  
c o n s i d e r a b l e  p r o c e s s i n g  g a i n  may be  o b t a i n e d  from a d a p t i o n  o f  d i s t r i b u t i o n  
paramete rs  and w e  i n t e n d  t o  pursue  t h i s  v i g o r o u s l y .  I n  terms of a  d i g i t a l  
c l a s s i f i e r ,  t h e  speed of c l a s s i f i c a t i o n  may b e  improved a s  a d i r e c t  f u n c t i o n  
o f  t h e  number of d i s t r i b u t i o n s  e l i m i n a t e d  from t h e  c l a s s i f i e r  i n  exchange 
f o r  a s imple  mean a d a p t i n g  computat ion.  For ana log  and h y b r i d  p r o c e s s o r s ,  
t h e  complexi ty  and s i z e  o f  t h e  machine may b e  reduced.  
It i s  p o s s i b l e  t o  r e l a t e  t h e  r e s u l t s  o b t a i n e d  i n  modeling t h e  s c e n e  
and t h e  r a d i a t i v e  t r a n s f e r  i n  t h e  atmosphere t o  t h e  a d a p t i v e  r e c o g n i t i o n  
p r o c e s s .  Th i s  makes i t  p o s s i b l e  t o  u s e  models t o  d e s c r i b e  t h e  g e n e r a l  
t r e n d s  f o r  t h e  t r a j e c t o r i e s  of d i s t r i b u t i o n s  and t o  make c o r r e c t i o n s  a s  
f u n c t i o n s  of t h e  agreement between observed changes and t h e  p r e d i c t e d  
t r a j e c t o r i e s .  
PRACTICAL USE OF EXISTING TECHNIQUES I N  USER APPLICATIONS 
I now want t o  a s s e s s  t h e  s t a t u s  of t h e  3rd  a r e a  of our  program, u s e r  
a p p l i c a t i o n s .  It i s  t h e  b e n e f i t s  i n  u s e r  a p p l i c a t i o n s  which i s  t h e  
r a i s o n  -- de e t r e  o f  t h e  e n t i r e  E a r t h  Resources  Survey Program. A s  shown i n  
t h e  t a b l e  below t h e  p o t e n t i a l  of m u l t i s p e c t r a l  s e n s i n g  and a u t o m a t i c  
p r o c e s s i n g  h a s  been demonstra ted.  
1. Many a p p l i c a t i o n s  i n  a  v a r i e t y  of u s e r  d i s c i p l i n e s  have been 
demonstra ted t o  b e  f e a s i b l e  under l i m i t e d  c o n d i t i o n s .  
2. O p e r a t i o n a l - p r o t o t y p e s  may b e  f e a s i b l e  i n  some a p p l i c a t i o n s  
from b o t h  t e c h n i c a l  and c o s t  a s p e c t s  
3 .  No o p e r a t i o n a l  u s e  i s  y e t  being-made of i n f o r m a t i o n  
A l a r g e  number of u s e r  a p p l i c a t i o n s  o f  M u l t i s p e c t r a l  E a r t h  Resources 
In format ion  Systems have been demonstra ted t o  be  f e a s i b l e  i n  s c a l e d  down 
programs and we a r e  ready t o  examine ERTS d a t a  w i t h  c o n f i d e n c e  o f  what h a s  
been accomplished from a i r c r a f t .  Some a p p l i c a t i o n s  a r e  f u r t h e r  advanced 
than o t h e r s  and o p e r a t i o n a l  p r o t o t y p e s  shou ld  be  e x e r c i s e d  n e x t  f o r  some 
of t h e s e .  However, no o p e r a t i o n a l  use  i s  y e t  be ing  made of any i n f o r m a t i o n  
system on E a r t h  Resources  employing m u l t i s p e c t r a l  s e n s i n g ,  I b e l i e v e  
l a r g e l y  because  t h e y  must become c o s t  e f f e c t i v e  f i r s t .  
IMPROVED SENSORS FOR EARTH RESOURCES APPLICATIONS 
The s t a t u s  of m u l t i s p e c t r a l  s e n s o r s  technology is  a s s e s s e d  i n  t h e  
t a b l e  below: 
1. Improved exper imenta l  a i r b o r n e  MS s c a n n e r s  a r e  now i n  use  
and t h e  q u a l i t y  of d a t a  i n  t h e  UV, v i s i b l e ,  n e a r  I R ,  .and 
the rmal  I R  is  g e n e r a l l y  e x c e l l e n t  
2 .  O p e r a t i o n a l  a i r b o r n e  14s s c a n n e r s  a r e  commercially a v a i l a b l e  
3.  Spaceborne MS s c a n n e r s  w i l l  be u t i l i z e d  f o r  t h e  f i r s t  t ime 
i n  ERTS and SKYLAB 
4. Exper imental  a i r b o r n e  m u l t i s p e c t r a l  imaging r a d a r  i s  b e i n g  
developed 
5. Exper imental  l a s e r  s c a n n e r s  a r e  planned 
The comments h e r e  b a s i c a l l y  i n d i c a t e  t h e  mature  and advanced s t a t e  o f  t h i s  
a r e a ,  However, d e s p i t e  t h e  a t t e m p t s  t h a t  have been made t o  d a t e  a t  sys tems 
e n g i n e e r i n g  o f  complete i n f o r m a t i o n  systems i n c l u d i n g  u s e r  needs ,  s e n s o r s ,  
and p r o c e s s o r s  a  more complete sys tems approach w i l l  b e  needed f o r  m u l t i -  
s p e c t r a l  s e n s i n g  based i n f o r m a t i o n  i n  t h e  f u t u r e .  
CONCLUSIONS 
D e s p i t e  making s u b s t a n t i a l  p r o g r e s s  i n  a c h i e v i n g  improved p r o c e s s i n g  
t echn iques ,  improved throughput  p a r a l l e l  p r o c e s s i n g  systems,  improved 
e x p e r i m e n t a l  s e n s o r s  f o r  m u l t i s p e c t r a l  s e n s i n g ,  and showing t h e  p r a c t i c a l  
u s e  of m u l t i s p e c t r a l  s e n s i n g  i n  v a r i o u s  e a r t h  r e s o u r c e s  a p p l i c a t i o n s ,  t h e r e  
i s  s t i l l  much t o  be accomplished b e f o r e  t h e  E a r t h  Resources Survey Program 
s p i n s  o f f  s u c c e s s f u l ,  o p e r a t i o n a l  u s e r  i n f o r m a t i o n  systems.  P o t e n t i a l  
b e n e f i t s  o f  i n f o r m a t i o n  w i l l  remain l a r g e l y  " p o t e n t i a l "  u n t i l  t h i s  i s  done. 
The most c r i t i c a l  need i s  f o r  p r o c e s s i n g  systems capab le  o f  keep ing  
pace w i t h  t h e  s e n s o r s  s o  t h a t  unprocessed d a t a  does  n o t  have t o  be  
accumulated and s t o r e d .  G r e a t l y  reduced c o s t s  of p r o c e s s i n g  a r e  a l s o  
l i k e l y  t o  r e s u l t  w i t h  an a t t e n d a n t  i n c r e a s e  i n  i n t e r e s t  on t h e  p a r t  o f  
p o t e n t i a l  u s e r s .  
But g r e a t l y  reduced dependency on ground o b s e r v a t i o n s  i s  a l s o  needed. 
t o  reduce  b o t h  t h e  c o s t s  of c o l l e c t i o n  and p r o c e s s i n g .  For t h i s  r eason  
con t inued  r e s e a r c h  i n  p u r s u i t  o f  improved p r o c e s s i n g  t e c h n i q u e s  which a l l o w  
l e s s  ground d a t a  and m u l t i - s t a g e  sampl ing approaches  a r e  r e q u i r e d .  Our 
s i g n a t u r e  e x t e n s i o n  and o t h e r  i n f o r m a t i o n  e x t r a c t i o n  t e c h n i q u e  development 
i s  aimed a t  t h i s  g o a l .  
S p e c t r a l  r e f l e c t a n c e ,  e m i t t a n c e ,  and t r a n s m i t t a n c e  d a t a  on a g r e a t  
v a r i e t y  of n a t u r a l  m a t e r i a l s  are a v a i l a b l e  t o  t h e  remote s e n s i n g  community 
through ERSIS. T h i s  d a t a  can b e  used t o  d e f i n e  t h e  approach t o  many 
remote s e n s i n g  problems by u n d e r s t a n d i n g  t h e  s p e c t r a l  b a s i s  o f  d i s c r i m i n a -  
t i o n .  
We a r e  ready t o  examine ERTS and Skylab EFEP d a t a  w i t h  conf idence  of 
what can be  done from a i r c r a f t .  
- 
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FIGURE 8. WHEAT RECOGNITION RESULTS SHOWING THE 
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